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Abstract

Background: Chronic unpredictable mild stress (CUMS) provokes behavioral alterations, oxidative-stress and
neuroinflammation. CUMS mimics the clinical aspects of anxiety and depression in human beings. Existing
antidepressant drugs possess slow onset of action, low response rates and problem of drug resistance. Therefore, there is
ascope of alternative therapy for the treatment of neuropsychological illnesses. Objectives: The present study is aimed
to assess the efficacy of polyherbal formulation in CUMS model using mice and to explore the possible mechanism for
the same. Materials and Methods: Mice were subjected to a series of stressful events for a period of 28 days. Drug
treatments were given for a period of 28 days after the induction of disease. Parameters studied included behavioural
aspects, sucrose preference test, brain neurotransmitters (5-HT, nor-adrenaline and dopamine) levels, serum pro-
inflammatory cytokines (TNF-a, IL-1p and IL-6), corticosterone, quinolinic acid and oxidative markers. Results:
Treatment with polyherbal formulation (400 & 800 mg/kg) significantly ameliorated behavioral deficits in several tests
like forced swim test, tail suspension test, photoactometer and elevated plus maze model. It also reduced (p < 0.001)
anhedonia using sucrose preference test. Significant up regulation of serotonin and other neurotransmitters along with
reduction in oxidative stress was observed in treated animals. Further, polyherbal formulation also significantly
attenuated the stress-induced increase in serum levels of TNF-a, IL-1p, IL-6, corticosterone and quinolinic acid.
Conclusion: Our data suggest that this formulation enhances the neuroprotective effects against CUMS-induced
oxidative stress, neuroinflammation and behavioral deficits.
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Introduction 2010). Clinical evidence suggested that antidepressant drugs

Depression is a mental disorder, which encompasses emotion,
cognition, and physical symptoms with considerable morbidity
and mortality. In India, the lifetime prevalence of anxiety and

are effective in treating depressive episodes, but less
efficacious in recurrent depression and in preventing relapse
(Favaand Offidani, 2011).

depression is 24.4% and 18.5%, respectively, and co-morbidity ~ Traditional pharmacognosy isolates single active principles

of anxiety with depression is high about 87% (Sahoo and Khess, ~ which may be self-defeating because overall biological

2010). Stress is any transformation in environmental conditions  effects rely on synergistic interactions between plant

that disturb the normal physiological equilibrium and linked to  components. Poly herbal formulation (PHF) possesses some

various neurological illnesses. Literature supports the role of  advantages such as to reduction in dose, convenience, and

inflammation and immune system deregulation in  ease of administration (Modak et al. 2007; Little 2009;
pathophysiology of depression (Raison et al. 2006;Leonard ~ Bhushan et al. 2014). The multitarget responses of herbal

drugs are proven to be beneficial in chronic conditions and so

forth, and also in restoring the health status (Morphy et al.
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from brain and produces calming effect. Tensnil Syrup, a

DOI: https://doi.org/10.31024/ajpp.2019.5.5.20

2455-2674/Copyright © 2019, N.S. Memorial Scientific Research and Education Society. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Www.ajpp.in



Asian Journal of Pharmacy and Pharmacology 2019; 5(5):991-999 992

PHF (Poly Herbal Formulation), contains extracts of
garmarogor, devdaru, shankhavali, pitapapapdo, brahmi,
jatamansi, nagarmoth, kadu, tagar, himaj, draksha,
ashwagandha. In the light of above, the aim of the present study
includes studying reversal of neuro-inflammation and oxidative
stress by polyherbal formulation in an animal model of chronic
unpredictable mild stress.

Materials and methods
Drugs and chemicals

Tensnil Syrup was supplied by the manufacturer, Cadila
Pharmaceutical Private Limited. Fluoxetine was provided by
pharmACE laboratory, Ahmedabad. All other chemicals were of
analytical grade.

Animals

The experiment was performed according to the guidelines of the
animal ethics committee and approved by Institutional Animal
Ethics Committee (IAEC) (LMCP/COLOGY/16/09). Thirty male
swiss albino mice weighting 30-40 g were obtained. After 2 weeks
of acclimatization, the mice were randomly divided into five groups
(6 mice in each): control, chronic unpredictable mice stress
(CUMS) exposed, CUMS + Fluoxetine 20 mg/kg, CUMS + PHF
400 mg/kg, CUMS + PHF 800 mg/kg.

Chronic unpredictable mild stress:

Mice were exposed to a random pattern of mild stressors (Murua
et al. 1991) daily for 28 days which scheduled for period of 1
week and repeated throughout experiment. Stressors included
cage tilting at 450, cold swimming, tail pinch, housing in mild
damp saw dust, wet saw dust, overnight illumination, and food
and water deprivation. The whole experiment lasted for 8 weeks
(56 days). Behavior tests including forced swim test, tail
suspension test, locomotor activity using photoactometer,
elevated plus maze and sucrose preference test were performed
at the end of every week. Blood samples were collected from the
retro orbital at the end of the experiment for the estimation of
serum proinflammatory cytokines (TNF-o, IL-13 and IL-6),
corticosterone, quinolinic acid and levels of oxidative and anti-
oxidant enzymes. Then, the mice were killed by decapitation.
The skull was opened, and the brain was dissected out on an ice
plate for analysis of brain neurotransmitters namely 5-hydroxy
tryptamine, noradrenaline, and dopamine.

Behavioural tests:
Forced swim test (FST):

The mice were taken to a separate room and were immediately
placed in a cylinder (45 cm high, 20 cm diameter) filled to 30 cm
depth and maintained at 25 + 1°C for the duration of 5 minutes
(Porsoltetal., 1978).

Tail suspension test (TST):

The mice were hung 25 cm above the floor by the tip of the tail.

The immobility time was counted during a test period of 6
min (prior 1 min to adapt and recorded the last 5 min) (Steru
etal., 1985).

Locomotor activity:

Each mouse was placed in infrared light-sensitive
photocells using a digital photoactometer. The mice was
observed for a period of 5 min and the values were
expressed as counts per 5min(Mishraand Kumar,2014).

Elevated plus maze (EPM)

EPM consisted of two open arms (30x5 cm), two enclosed
arms (30x5 cm), and a connecting central platform (5x5 cm)
and elevated 38.5 cm above the ground. At the beginning, each
mouse was placed in the central zone, facing one of the close
arms. An arm entry was defined as a mouse having entered an
arm of the maze with all four legs (Lister, 1987).

Sucrosepreference test (SPT)

Mice were trained to drink 1% sucrose solution before
starting of CMS procedure for 1 hour. Each group provided
simultaneously with both sucrose (1%) solution and water
(Dhingra and Valecha, 2014).

Proinflammatory cytokines estimation

ELISA kits for TNF-a, IL-6, IL-1p (Krishgen Biosystem,
CA, USA) were used for the estimation of proinflammatory
cytokines.

Brain neurotransmitters analysis

The estimation of serotonin, noradrenaline and dopamine in
mice brain was carried out according to the fluorometric
method. Brain tissue sample was homogenized in 10
volumes of cold acidified N-butanol using a glass
homogenizer. Duplicate internal standard tubes were
carried in parallel with the brains homogenates. The
monoamines were assayed in the aqueous phase. Excitation
and emission wavelengths of 295 and 355 nm, respectively,
were used for measurement of serotonin. Noradrenaline
fluorescence was measured at excitation and emission
wavelengths of 380 and 480 nm, while dopamine
fluorescence was measured at excitation and emission
wavelengths of 320 and 375 nm in the same sample
(Schlumpfetal., 1974).

Adrenal gland weight

The animals were sacrificed using CO, chamber. The
Adrenal gland was dissected out from animal and washed
using saline (Pesarico etal.,2016).

Serum corticosterone measurement

Estimation of corticosterone was done by
spectrophotometer (Katyare and Pandya, 2005).
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Serum quinolinic acid estimation supernatant give yellow color with 5, 5'-dithiobis-(2-

nitrobenzoic) acid (DTNB). It was measured immediately

the method of Junichi, Masahiko and Akihito using fluorometric at412nm (Ellman, 1959).
method (Odo etal., 2009). Results

Serum quinolinic acid estimation was performed according to

Oxido-nitrosative stress parameters Forced Swim Test (FST)

The lipid peroxidation was measured according to method of  Exposure to CUMS for 4 weeks resulted in depressive-like
Wills. The amount of MDA was measured by reacting it with
thiobarbituric acid and measured at 532 nm (Wills, 1966). The
reduced glutathione was measured as per themethod of Ellman.

behavior as it significantly increased the duration of
immobility time of the FST (normal control; 111.83 £6.72,
disease control; 173.83 + 4.14, p <0.001). Treatment with

The serum was precipitated with 4% sulfosalicylic acid and ~ Fluoxetine (reference standard, 20 mg/kg) and PHF (400
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Figure 1. Results of different behavioural tests (A) Forced Swim Test; (B)Tail Suspension Test; (C) Locomotor activity;
(D)Elevated Plus Maze; (E) % Sucrose preference. One-way ANO VA Followed by Tuckey's multiple comparison tests. *p <0.001

when compared with the normal control group; #p <0.001 when compared with the disease control group.
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mg/kg &800 mg/kg) after 4" week, significantly reduced the
immobility time in comparison to the disease control group
(disease control; 173.83 + 4.14, Fluoxetine; 114.67 + 6.44, p
<0.001, PHF (400 mg/kg); 111.00 + 4.87, p <0.001, PHF (800
mg/kg); 109.174+2.36,p <0.001) (Figure 1).

Tail Suspension Test (TST)

The duration of immobility was measured in the TST to evaluate
the stress related despairing status in mice. The duration of
immobility of CUMS group was significantly longer than that of
control group (P <0.001). After drugs treatment, the immobility
time of fluoxetine and PHF groups were significantly reduced as
compared to disease group (P < 0.001, Fig. 2), suggesting that
PHF (400 & 800 mg/kg) could reverse despairing status in the
CUMS-induced mice (Figure 1).

Locomotor activity

The locomotor activity observed using photoactometer was

significantly (p < 0.001) reduced in the disease control
group treated with CUMS. Fluoxetine and PHF (400 & 800
mg/kg) treated groups were compared with CUMS-induced
disease control group, showed significant (p < 0.001)
increase into number of cut off (Figure 1).

Elevated Plus Maze (EPM)

CUMS-induced an anxiogenic effect in diseased group and
significantly (P<0.001) increased the time spent in open
arm in plus maze. Both the treatments including fluoxetine
and PHF significantly (p <0.001) reversed the time spent in
open arm when compared with the disease control group
(Figure 1).

Sucrose Preference Test (SPT)

There was no significant difference in sucrose preference
(%) among all the groups in the baseline test. Exposure of
the mice to stress for 28 successive days significantly
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Figure 2. Level of Pro-inflammatory cytokines: (a) Serum TNF — a estimation (b) Serum IL-6 concentration (c¢) Serum IL - 1§

concentration. One-way ANOVA Followed by Tuckey's multiple comparison tests. *p <0.001 when compared with normal

control group; **p <0.01 when compared with normal control group #p <0.001 when compared with the disease control group;

$p <0.05 when compared with the standard (fluoxetine (20 mg/kg)) group.
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Figure 3. Levels of Brain neurotransmitters (a) Brain Noradrenaline level (b) Brain Dopamine level (¢) Brain 5 — HT level. One-
way ANOVA Followed by Tuckey's multiple comparison tests. *p <0.001 when compared with normal control group; #p <0.001
when compared with the disease control group; $p <0.05 when compared with the standard group.

Www.ajpp.in



Asian Journal of Pharmacy and Pharmacology 2019; 5(5):991-999 995

decreased sucrose preference (%) in stressed mice as compared
to control group. Reduced sucrose preference (%) in stressed
mice was significantly restored by the administration of
fluoxetine (20 mg/kg) or PHF (400 & 800 mg/kg) for 28
successive days (Figure 2).

Pro-inflammatory cytokines (TNF—a, IL— 6, IL-1p)

CUMS animals showed significant (p < 0.001) elevation in the
levels of neuroinflammation markers, TNF —a, IL—6,IL—1 as
compared to the disease group. PHF (400 &800 mg/kg)
treatment significantly (p < 0.001) attenuated the increased
levels of TNF —a, IL—6, IL— 1 when compared with the CUMS-
induced disease control group (Figure 2). Further, comparison
between PHF 800 mg/kg treated group and fluoxetine (20
mg/kg), PHF treated group significantly (p <0.05) lowered TNF
—a,IL—6,IL- 1B levels (Figure 2).

Levels of brain neurotransmitters

All three neurotansmitters namely noradrenaline, dopamine and
5-hydroxy tryptamine were significantly (p < 0.001) reduced in

the disease control group as compared to normal control.
After treatments for 28 days with fluoxetine and PHF (400 &
800 mg/kg) showed significantly (p < 0.001) reversal effect,
i.e. increased in the levels of all three neurotransmitters. Also
treatment with 800 mg/kg PHF showed significant rise into
levels of noradrenaline (p< 0.01) and dopamine (p < 0.05)
when compared with the standard (Figure 3).

Serum concentration of corticosterone and quinolinic
acid

CUMS-induced significant increase in the levels of serum
corticosterone and quinolic acid were observed in the disease
control group as compared to the normal control group.
Treatment with fluoxetine 20 mg/kg and PHF-400 & 800
mg/kg showed significantly reduced levels of both the
markers. Moreover, serum concentration of quinolinic acid in
PHF-800 mg/kg treated animals significantly (p < 0.05)
reduced as compared to the standard treatment with
fluoxetine (Figure 4).

Serum Corticosterone (ng/ml)

Corticosterone (ng/mil)
Quinaolinic Acid (pg/ml)

Serum Quinolinic Acid (pg/ml)

Groups (a)

Groups (b)

Figure 4. (a) Levels of Corticosterone; (b) Levels of quinolinic acid. One-way ANOVA Followed by Tuckey's multiple
comparison tests. *p <0.001 when compared with the normal control group; #p <0.001 when compared with the disease control
group; $p <0.05 when compared with the standard group.
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Figure 5. (a) Level of reduced glutathione; (b) Level of lipid peroxidase; (c) Adrenal gland weight. One-way ANOVA Followed by
Tuckey's multiple comparison tests. *p <0.001 when compared with normal control group; #p <0.001 when compared with the disease
control group; ###p <0.05 when compared with the disease control group; $p <0.05 when compared with the standard group.
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Oxido-nitrosative stress parameters

CUMS-induced significant rise in oxidative stress was observed
in the disease control group when compared with the normal
group. Treatments with fluoxetine and PHF-400 &800 mg/kg
significantly (p < 0.05, 0.05 and 0.001) ameliorated the level of
reduced glutathione as to that of disease control group
respectively. A higher level of lipid peroxidase was observed in
the disease control group. Poly herbal formulation significantly
(p < 0.05) attenuated the lipid peroxidase level as compared to
fluoxetine treated animals (Figure 5).

Adrenal gland weight

Statistical analysis of the relative adrenal gland weight revealed a
significant main effect of CUMS. As shown in figure 5, CUMS
increased (p < 0.001) the relative weight of adrenal gland when
compared with that of controlled mice. PHF at both doses, was
significantly (p < 0.001) effective against the increase of the
relative adrenal gland weight induced by CUMS (Figure 5).

Discussion

Major depression and anxiety disorders are associated with
functional and morphological alterations in brain, along with the
symptoms reflecting both cognitive dysfunction and anxiety.
Clinical studies have shown that stressful life experiences are
important etiological factors in the development and
maintenance of depression and affective disorders (Kendler et
al., 1995, Kessler, 1997).

The present study is aimed to assess the antidepressant-like effect of
PHF on mice exposed to CUMS and
mechanism of this effect. CUMS for 28 days significantly activated

to explore the underlying

HPA axis, which is manifested by elevated levels of
proinflammatory cytokines, chemokines, and adhesion molecules in
the periphery and central nervous system and causes generation of
reactive oxidative stress markers (Dunbar et al., 1992, Hestad et al.,
2003, Raison et al., 2006, Maes et al., 2009).

In this study, exposure to CUMS-induced a depressive status in
mice as it resulted in increased immobility time in the FST and
TST. The forced swim test has been used to detect helpless
behavior as measured by immobility time in the chronic mild
stress model in mice. Our data showed that stressed mice
exhibited a significant prolongation of immobility time in the
FST/TST over the end of the last week of CUMS, compared to
control and this is also supported by an earlier study (Chhillar and
Dhingra, 2013). PHF (400 & 800 mg/kg) treatment significantly
reduced the duration of immobility in the FST/TST, implying
that the poly herbal formulation reversed the depression-like
symptoms of CUMS mice, thus showed significant
antidepressant-like effect.

Anxiety is thought to be a negative emotion caused by many
kinds of stress. In this field, the EPM task has become one of the

most popular animal paradigms used in our study. In this
test, the anxiety-like behavior (i.e., decreased time spent in
the open arms) is potentiated by prior exposure to a variety
of'stressors (Korte and De Boer, 2003), as confirmed by our
data. Our study has demonstrated that, orally administered
polyherbal formulation, decreased the anxiety-like effects
of stress in mice after the CUMS protocol. Locomotor
activity is considered as an index of alertness and a decrease
initis indicative of anxiety-like activity. The effect of stress
on locomotor activity is still controversial (Mao et al. 2010,
Liuetal.,2012). However, both the doses of PHF under the
study have shown anti-anxiety like activity.

SPT signifies the anhedonia-like behavioral change, a core
symptom of depressive disorder (Jindal et al., 2013). With
this test, a reduced consumption of sucrose solutions
reflecting a decrease in responsiveness to rewards is
interpreted as indicating anhedonia. In our study, mice
exposed to CUMS consumed less sucrose solution as
compared to control group, while treatment with PHF
significantly reversed this behavioral change, revealing
antidepressant-like effect. Taken together, the behavioral
results indicated that, PHF treatment might exert
antidepressant-like effects in the CUMS-induced mice.

Depression is accompanied by changing immune function
and initiation of the inflammatory response in the central
and peripheral system (Dinan, 2009). In animals, variety of
stressors increases the concentrations of proinflammatory
cytokines, including TNF-a. IL-6 and IL-1p (Madrigal et
al., 2002, O'Connor et al., 2003) that is also observed in our
model. Repeated administration with the fluoxetine and
poly herbal formulation prevented the increase in the levels
of pro-inflammatory cytokines levels caused by CUMS in
the mouse serum. Moreover, decreased levels of cytokines
with the treatment of poly herbal formulation was found
significant as compared to standard treatment. These data
suggest that the antidepressant-like effect of formulation
may be mediated by reducing the levels of stress-induced
pro-inflammatory cytokines signaling pathway.

It has been reported that the hypothalamic—pituitary—
adrenal (HPA) axis could be activated by an inflammatory
cytokines (Turnbull and Rivier 1995, Dunn, 2000) which
leads to abnormally high glucocorticoid (corticosterone in
rodents or cortisol in primates) levels in blood (Pan et al.,
2006) thereby plays an important role in the
pathophysiology of depression (Pariante and Lightman,
2008, Bosch et al., 2012). Cortisol is known to regulate
neuronal survival, neuronal excitability, neurogenesis and
memory acquisition. Elevated levels of cortisol may thus
contribute to the manifestation of depressive symptoms by
impairing these brain functions (Sousa et al., 2008).
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Literature suggested that chronic antidepressant treatment in
rodents reduced HPA activity (Mason and Pariante, 2000).
CUMS-induced hyperactivity of HPA axis led to increase in
plasma corticosterone levels and increase adrenal gland weight,
which is supported by observations from other studies (Swaab et
al., 2005). Treatment with PHF reduced CUMS-induced
hyperactivity of HPA axis in mice, as indicated by significant
reduction of plasma corticosterone levels and adrenal gland
weights in stressed mice.

Once cytokine signals reach the brain, they have the capacity to
influence the synthesis, release, and reuptake of mood-relevant
neurotransmitters including the monoamines (Miller, 2009). The
breakdown of TRP (tryptophan) is believed to contribute to
reduced serotonin availability (Schwarcz and Pellicciari, 2002).
Cytokines also have been shown to influence the synthesis of DA
(dopamine). Activation of microglia is associated with increased
NO (nitric oxide) production (Zielasek and Hartung, 1996),
suggesting that cytokine influences on BH4
(tetrahydrobiopterine) via NO may be a common mechanism by
which cytokines reduce DA availability in relevant brain regions
(Kitagami et al., 2003). Consistent with these findings, our
results showed a decrease in noradrenaline, dopamine, and 5-
hydroxytryptamine levels into CUMS-induced mice. However,
PHF treatment restored the concentrations of these
neurotransmitters, suggesting that the amelioration of
depressive behaviours after PHF treatment as relevant to an
increase their concentration in the brain.

In addition, Kynurenic acid inhibits the release of glutatmate,
while QUIN (quinolinic acid) promotes glutamate release
through activation of N-methyl-D-aspartate (NMDA) receptors
(Dantzer, 2017).QUIN also activates and/or kills astrocytes and
this amplifies the inflammatory response in the brain. Thus, the
relative induction of QUIN may determine the effects of
cytokines on the CNS and remains an important area for
investigation. Our results also implied that QUIN level in the
serum raised in the CUMS-induced mice, while the anti-
depressant like effects of PHF was accompanied with the
decrease of QUIN in the serum. Furthermore, this formulation
seems to exert more pronounced antidepressant-like effect
compared to fluoxetine.

Another major mechanism of QUIN neurotoxicity is through
lipid peroxidation in combination with glutamate release may
contribute to CNS excitotoxicity (Rios and Santamaria, 1991,
Santamaria et al., 2001). Studies also have indicated that QUIN
forms a complex with iron, and electron transfer from this
complex to oxygen results in the formation of reactive oxygen
species which then mediate lipid peroxidation (Goda et al.,
1996). Oxygen free radicals can accumulate in brain and have a
potent role in neurodegeneration associated with depression
(Serrano and Klann, 2004). Oxidative stress is therefore known

to be one of the primary causes for neuronal dysfunction and
depression (Manji and Duman, 2001). In our study, we found
a significant increase in oxidative damage as indicated by
increased lipid peroxidation, and depletion of reduced
glutathione levels thereby strengthening the hypothesis of
oxidative stress- induced depressive illness. Treatment with
PHF for four successive weeks significantly reversed these
parameters. Thus, polyherbal formulation showed
significant anti-oxidant activity in mice.

In conclusion, the present study demonstrated that PHF
treatment could significantly mitigate behavioural deficits,
elicited by CUMS. Significant up regulation of serotonin and
other neurotransmitters along with the reduction in oxidative
stress was observed with this polyherbal formulation.
Further, treatment also significantly attenuated the stress-
induced increase in serum levels of TNF-a, IL-1B, IL-6,
corticosterone, quinolinic acid. This study provides new
insight into the anti-depressant effects of this polyherbal
formulation with multiple targets of depression. So, this may
be novel therapeutic strategies for depression.

Acknowledgements

This research was financially supported by GUJCOST:
Minor Research Project. We are gratefully acknowledging
Cadila Pharmaceutical Private Limited for providing the
drug sample (Tensnil Syrup). We are also thankful to Dr.
Shrikalp Deshpande, Principal, K.B.I.LP.E.R. College,
Gandhinagar, and Dr. Mamta Shah, HOD, department of
pharmacognosy at L.M. College of pharmacy for providing
facility to carry out biochemical analysis.

Conflicts of interest
References

Bhushan B, Sardana S, Bansal G. 2014. Acute and sub-acute
toxicity study of Clerodendrum inerme, Jasminum
mesnyi Hance and Callistemon citrinus. Journal of Acute
Disease 3(4): 324-327.

Bosch OG, Secifritz E,Wetter TC. 2012. Stress-related
depression: Neuroendocrine, genetic, and therapeutical
aspects. The World Journal of Biological Psychiatry
13(8): 556-568.

Chhillar R, Dhingra D. 2013 Antidepressant-like activity of
gallic acid in mice subjected to unpredictable chronic
mild stress. Fundamental & Clinical Pharmacology
27(4):409-418.

Dantzer R. 2017. Role of the Kynurenine Metabolism
Pathway in Inflammation-Induced Depression:

Preclinical Approaches. Curr ent Topics in Behavioral
Neuroscience 31: 117-138.

Dhingra D Valecha R. 2014. Punarnavine, an alkaloid

Www.ajpp.in



Asian Journal of Pharmacy and Pharmacology 2019; 5(5):991-999 998

isolated from ethanolic extract of Boerhaavia diffusa Linn.
reverses depression-like behaviour in mice subjected to
chronic unpredictable mild stress. Indian journal of
Experimental Biology 52(8): 799-807.

Dinan TG. 2009. Inflammatory markers in depression. Current
opinion in psychiatry 22(1): 32-36.

Dunbar PR, Hill J, Neale TJ, Mellsop GW. 1992. Neopterin
measurement provides evidence of altered cell-mediated

immunity in patients with depression, but not with
schizophrenia. Psychological Medicine 22(4): 1051-1057.

Dunn AJ. 2000 Cytokine activation of the HPA axis. Annals of
the New York Academy of Sciences 917: 608-617.

Ellman GL. 1959. Tissue sulfhydryl groups. Archives of
Biochemistry and Biophysics 82(1): 70-77.

Fava GA, Offidani E. 2011. The mechanisms of tolerance in
antidepressant action. Progress in neuro-psychopharmacology
& Biological Psychiatry 35(7): 1593-1602.

Goda K, Kishimoto R, Shimizu S, Hamane Y, Ueda M. 1996.
Quinolinic acid and active oxygens. Possible contribution of
active Oxygens during cell death in the brain. Advances in
Experimental Medicine and Biology 398: 247-254.

Hestad KA, Tonseth S, Stoen CD, Ueland T, Aukrust P. 2003
Raised plasma levels of tumor necrosis factor alpha in
patients with depression: normalization during

electroconvulsive therapy. Journal of Electroconvulsive
Therapy 19(4): 183-188.

Jindal A, Mahesh R, Bhatt S. 2013. Etazolate rescues behavioral
deficits in chronic unpredictable mild stress model:
modulation of hypothalamic-pituitary-adrenal axis activity
and brain-derived neurotrophic factor level. Neurochemistry
International. 63(5): 465-475.

Katyare SS, Pandya JD. 2005. A simplified fluorimetric method
for corticosterone estimation in rat serum, tissues and
mitochondria. Indian Journal of Biochemistry & Biophysics
42(1):48-53.

Kendler KS, Kessler RC, Walters EE, MacLean C, Neale MC,
Heath AC, Eaves LJ. 1995 Stressful life events, genetic liability,
and onset of an episode of major depression in women. The
American Journal of Psychiatry 152(6): 833-842.

Kessler RC. 1997. The effects of stressful life events on
depression. Annual review of Psychology 48: 191-214.

Kitagami T, Yamada K, Miura H, Hashimoto R, Nabeshima T,
Ohta T. 2003. Mechanism of systemically injected
interferon-alpha impeding monoamine biosynthesis in rats:
role of nitric oxide as a signal crossing the blood-brain
barrier. Brain Research 978(1-2): 104-114.

Korte SM, De Boer SF. 2003. A robust animal model of state
anxiety: fear-potentiated behaviour in the elevated plus-

maze. European journal of pharmacology. 463(1-3):
163-175.

Leonard BE. 2010. The concept of depression as a
dysfunction of the immune system. Current
Immunology Reviews 6(3):205-212.

Lister RG. 1987. The use of a plus-maze to measure anxiety in
the mouse. Psychopharmacology (Berl) 92(2): 180-185.

Little CV. 2009. Simply because it works better: exploring
motives for the use of medical herbalism in
contemporary U.K. health care. Complementary
Therapies in Medicine 17(5-6): 300-308.

LiuJ-h, Wu Z-f, Sun J, Jiang L, Jiang S, Fu W-b. 2012. Role
of AC-cAMP-PKA Cascade in Antidepressant Action of
Electroacupuncture Treatment in Rats. Evidence-Based
Complementary and Alternative Medicine 2012: 7.

Madrigal JL, Hurtado O, Moro MA, Lizasoain I, Lorenzo P,
Castrillo A, Bosca L, Leza JC. 2002. The increase in TNF-
alpha levels is implicated in NF-kappaB activation and
inducible nitric oxide synthase expression in brain cortex
after immobilization stress. Neuropsychopharmacology
26(2): 155-163.

Maes M, Mihaylova I, Kubera M, Upytterhoeven M,
Vrydags N, Bosmans E. 2009. Increased 8-hydroxy-
deoxyguanosine, a marker of oxidative damage to DNA,
in major depression and myalgic encephalomyelitis /
chronic fatigue syndrome. Neuro Endocrinology Letters
30(6): 715-722.

Manji HK, Duman RS. 2001. Impairments of neuroplasticity
and cellular resilience in severe mood disorders:
implications for the development of novel therapeutics.
Psychopharmacology Bulletin 35(2): 5-49.

Mao QQ, Xian YF, Ip SP, Tsai SH, Che CT. 2010. Long-term
treatment with peony glycosides reverses chronic
unpredictable mild stress-induced depressive-like behavior
via increasing expression of neurotrophins in rat brain.
Behavioural Brain & Research 210(2): 171-177.

Mason BL, Pariante CM. 2006 The effects of
antidepressants on the hypothalamic-pituitary-adrenal
axis. Drug News & Perspectives 19(10): 603-608.

Miller AH. 2009. Norman Cousins Lecture. Mechanisms of
cytokine-induced behavioral changes:
psychoneuroimmunology at the translational interface.

Brain, behavior, and Immunity 23(2): 149-158.

Mishra J, Kumar A. 2014. Improvement of mitochondrial
NAD(+)/FAD(+)-linked state-3 respiration by caffeine
attenuates quinolinic acid induced motor impairment in
rats: implications in Huntington's disease.
Pharmacological Reports: PR 66(6): 1148-1155.

Www.ajpp.in



Asian Journal of Pharmacy and Pharmacology 2019; 5(5):991-999

999

Modak M, Dixit P, Londhe J, Ghaskadbi S, Devasagayam TP.
2007. Indian herbs and herbal drugs used for the treatment of
diabetes. Journal of Clinical Biochemistry and Nutrition
40(3): 163-173.

Morphy R, Kay C, Rankovic Z. 2004. From magic bullets to
designed multiple ligands. Drug Discovery Today 9(15):
641-651.

Murua VS, Gomez RA, Andrea ME, Molina VA. 1991. Shuttle-
box deficits induced by chronic variable stress: Reversal by
imipramine administration. Pharmacology Biochemistry and
Behavior38(1): 125-130.

O'Connor KA, Johnson JD, Hansen MK, Wieseler Frank JL,
Maksimova E, Watkins LR, Maier SF. 2003. Peripheral and
central proinflammatory cytokine response to a severe acute
stressor. Brain Research 991(1-2): 123-132.

Odo J, Inoguchi M, Hirai A. 2009. Fluorometric Determination
of Quinolinic Acid Using the Catalytic Activity of
Horseradish Peroxidase. Journal of Health Science 55(2):
242-248.

Pan'Y, Zhang WY, Xia X, Kong LD. 2006. Effects of icariin on
hypothalamic-pituitary-adrenal axis action and cytokine

levels in stressed Sprague-Dawley rats. Biological &
Pharmaceutical Bulletin 29(12): 2399-2403.

Pariante CM, Lightman SL. 2008. The HPA axis in major
depression: classical theories and new developments. Trends
in Neurosciences 31(9): 464-468.

Pesarico AP, Sartori G, Bruning CA, Mantovani AC, Duarte T,
Zeni G, Nogueira CW. 2016. Anovel isoquinoline compound
abolishes chronic unpredictable mild stress-induced
depressive-like behavior in mice. Behavioural Brain
Research 307: 73-83.

Porsolt RD, Anton G, Blavet N, Jalfre M. 1978. Behavioural despair
in rats: a new model sensitive to antidepressant treatments.
European Journal of Pharmacology 47(4): 379-391.

Raison CL, Capuron L, Miller AH. 2006. Cytokines sing the
blues: inflammation and the pathogenesis of depression.
Trends in Immunology 27(1): 24-31.

Rios C, Santamaria A. 1991. Quinolinic acid is a potent lipid
peroxidant in rat brain homogenates. Neurochemical
Research 16(10): 1139-1143.

Sahoo S, Khess CR. 2010. Prevalence of depression, anxiety, and
stress among young male adults in India: a dimensional and
categorical diagnoses-based study. The Journal of Nervous
and Mental Disease 198(12): 901-904.

Santamaria A, Galvan-Arzate S, Lisy V, Ali SF, Duhart HM,
Osorio-Rico L, Rios C, St'astny F. 2001. Quinolinic acid

induces oxidative stress in rat brain synaptosomes.
Neuroreport 12(4): 871-874.

Schlumpf M, Lichtensteiger W, Langemann H, Waser PG,
Hefti F. 1974. A fluorometric micromethod for the
simultaneous determination of serotonin, noradrenaline
and dopamine in milligram amounts of brain tissue.
Biochemical Pharmacology 23(17): 2437-2446.

Schwarcz R, Pellicciari R. 2002. Manipulation of brain
kynurenines: glial targets, neuronal effects, and clinical
opportunities. The Journal of Pharmacology and
Experimental Therapeutics 303(1): 1-10.

Serrano F, Klann E. 2004. Reactive oxygen species and
synaptic plasticity in the aging hippocampus. Ageing
Research Reviews 3(4): 431-443.

Sousa N, Cerqueira JJ, Almeida OF. 2008. Corticosteroid
receptors and neuroplasticity. Brain Research Reviews
57(2):561-570.

Steru L, Chermat R, Thierry B, Simon P. 1985. The tail
suspension test: a new method for screening
antidepressants in mice. Psychopharmacology (Berl)
85(3):367-370

Swaab DF, Bao AM, Lucassen PJ. 2005. The stress system in
the human brain in depression and neurodegeneration.
Ageing Research Reviews 4(2): 141-194.

Turnbull AV, Rivier C. 1995. Regulation of the HPA Axis by
Cytokines. Brain, Behavior, and Immunity 9(4): 253-275.

Wills ED. 1966. Mechanisms of lipid peroxide formation in
animal tissues. The Biochemical Journal 99(3): 667-676.

Zielasek J, Hartung HP. 1996. Molecular mechanisms of
microglial activation. Advances in Neuroimmunology
6(2):191-122.

Www.ajpp.in



